SUMMARY Thenar reflexes following electrical stimulation of the median nerve (containing proprioceptive and cutaneous afferents) and the radial superficial nerve (cutaneous afferents only) were investigated in 23 patients with manifest Huntington's disease (HD) at an early stage, in 17 clinically healthy descendants of HD-patients and in 18 patients with choreatic hyperkinesia due to various aetiologies other than HD. In 61% of the patients with early HD the long-latency reflexes (LLR) were uni-or bilaterally absent in response to both median nerve and radial superficial nerve stimulation. The remaining patients had a diminished mean amplitude and mean duration of their LLR. In contrast, offspring and patients with symptomatic chorea had preserved LLR which did not differ in amplitude or duration from normal controls. Additionally, the mean amplitude and mean duration of the Hoffmaan-reflex (HR) was found to be increased in patients with HD and their offspring but not in patients with other aetiologies. It is concluded (1) that the loss of LLR is not related to the choreatic hyperkinesia itself but to the degeneration of a hitherto poorly defined neuronal circuit in HD; (2) that among a variety of diseases presenting with chorea, the loss of LLR seems to be specific for HD; (3) that the testing of hand muscle reflexes in choreatic movement disorders is helpful for the differential diagnosis of early HD but not for the detection ofgene carriers among offspring of patients with HD.
Reflexes in the thenar muscle following electrical stimulation of the median nerve at an intensity of motor threshold consist of several components.`3 The first is the monosynaptic spinal Hoffman Reflex (HR) followed by up to three long-latency reflexes (LLR, I, II, III).' Only the LLR II is seen in every normal subject whereas the LLR I and LLR III are usually small reflexes occurring in only 10%-30% of normal subjects. The LLR II is a reflex mediated by fast conducting muscle and cutaneous afferents3 and its central transmission probably occurs along a transcortical route."6 The LLR II can also be elicited by stimulation ofcutaneous nerves especially of the radial superficial nerve. '9 It has been shown that these reflexes frequently exhibit distinct abnormalities in central nervous system disorders like spasticity,' hemiparesis,'0 multiple sclerosis6 and extrapyramidal diseases." As they may be easily tested with routine EMG laboratory equipment they represent a tool for studying the clinical neurophysiology of these disorders. For the purpose of the present paper only the LLR II is important and it is subsequently termed LLR, as mn-LLR when elicited by median nerve stimulation or rsn-LLR when elicited by radial superficial nerve stimulation.
Compared with these electrically elicited LLR the reflexes following muscle stretch have been extensively investigated in many different muscles of the upper and lower extremities (for review see refs 12, 13) . It has been shown that the long-latency component of hand reflexes is frequently lacking in Huntington's disease. ' 4" This has been confirmed for the flexor pollicis longus and the finger flexors.'6 It is believed that this LLR is mediated along a transcortical pathway. '2 Concerning HD the responsible lesion of the reflex arc is believed to be in the afferent limb of the reflex arc to the cortex." This is mainly based on the observation of diminished amplitudes or absence ofearly somatosensory evoked potentials after median nerve stimulation in these patients. '7 '8 ' 20 The first aim of the present study was to investigate whether the LLR following electrical stimulation of mixed and pure cutaneous afferents which strongly resemble the stretch evoked LLR in hand muscles is 755 756 also absent in Huntington's disease. Secondly we were interested in whether clinically unaffected descendants of patients with HD have similar reflex abnormalities which could help in the presymptomatic diagnosis of HD. Our third question was whether the LLR are also absent in other diseases associated with choreatic movements or if this finding is restricted to HD.
In order to answer these questions 58 patients with HD, healthy offspring and patients suffering from various diseases associated with chorea have been investigated for their reflex pattern following electrical stimulation of the median nerve and the radial superficial nerve. Preliminary data have been published elsewhere.2'
Methods and patients
The method of eliciting LLR has been described earlier. 3"6" Briefly, the subjects were asked to abduct the thumb against a force transducer at 10-20% of maximum force controlled by a visual display. The median nerve or the radial superficial nerve was stimulated (3 Hz) at the wrist with an intensity at threshold for motor fibres (for median nerve) or at 2-2 5x sensory threshold (for radial superficial nerve). The thenar EMG was recorded with surface electrodes. Filtered (1-3000 Hz), full-wave rectified and averaged (256 sweeps) responses were used for quantitative analysis. The onset latencies of the reflexes were measured and the amplitudes were determined as the quotient between the absolute amplitude of HR or LLR measured between the onset to the peak amplitude and the baseline amplitude (measured within the first 20 ms following the stimulus). This value is known to be independent of the recording conditions and of fluctuations of the applied force.2223 The duration was measured from the onset to the end of the reflexes.
Fifty eight patients were included in the present study. Twenty three patients suffered from manifest HD (13 males, 10 females). All except one had a positive family history of HD. The disease of one patient was most probably due to a new mutation which has been described elsewhere.2' Their mean age was 44 -e) . The same nine patients with preserved mn-LLR also had preserved rsn-LLR. Compared with the normal controls the mean amplitude and duration (fig 2) was diminished in the remaining rsn-LLR (amplitude: p < 0 0005, duration: p < 0-0005). Hence mn-and C3 Normal subjects * Huntington's disease ) . The two patients who could only be investigated on one hand belonged to the latter group. Most of the remaining patients had rather small LLR. With the statistical methods used it is impossible to define a lower limit of the LLR-amplitudes of normal subjects. In order to determine whether the disease affects the latency, amplitude and duration of HR and LLR statistical companrson of age-matched groups of normal subjects and patients was applied. No significant differences were found concerning the latencies of the reflexes ((fig 2) . Comparison of amplitude and duration of mn-LLR between normal subjects and the patients who still had preserved reflexes (fig 2) showed a highly significant decrease of both parameters in the patients (amplitude: p < 0 0005, duration: p < 0-005). The 3) . Among the healthy subjects at risk for HD none had absent mn-or rsn-LLR (fig lb) . Compared with the controls no significant differences of mn-or rsn-LLR were found. Only one patient had unilaterally enhanced HR. The mean HR-amplitude and HR-duration were larger for the subjects at risk than for the controls (fig 4) at a low level of significance (amplitude: p < 0 05, duration: p < 0 02).
For the patients with various aetiologies of their choreatic hyperkinesia neither abnormal HR nor mnor rsn-LLR were found (fig la) . Taken together as a group no significant differences between the patients and normals were found for all the measured parameters ( fig 5) . Four of these patients could be investigated before and after successful therapy with tiaprid or valproic acid. No Chorea is a symptom of basal ganglia disorders. The absence of hand-muscle LLR in HD is surprising as the reflex pathway for them is believed to be located within the lemniscal afferent pathway to the cortex and back along the pyramidal tract to the motoneurons.'2 13 An interesting hypothesis to explain this discrepancy has been proposed.' The absent or diminished LLR on one hand and the diminished early components of the somatosensory evoked cortical potentials to median nerve stimulation on the other hand could be explained on a common basis by the following pathophysiological mechanism: It is well know that the amplitude of the cortical SEP-complex decreases during voluntary movements. This may serve as a further argument against unspecific facilitation of HR in HD. Enhanced HR either reflect a facilitation or a disinhibition of the monosynaptic reflex arc and are mostly associated with lesions of descending tract systems.4' However, a disturbance within the spinal interneuronal network cannot be excluded. It should be emphasised that our data on HR are in contrast to the results obtained with stretch reflexes in hand muscles and finger flexors,'5 16 which failed to detect an increase in the first component of the stretch reflex. This could be due to general differences between these two early reflexes. There is independent evidence that the early components of stretch reflex and the HR are based on partly different neuronal circuits42 which could explain the difference.
Eliciting LLR in hand muscles by electrical stimuli is a rather simple and "low-tech" method which can be applied in any routine laboratory for clinical neurophysiology. Therefore, it seems appropriate to make a few remarks on the value of this method for the diagnosis of HD and the differential diagnosis of choreatic movement disorders. Uni-or bilaterally absent LLR have been found in 61% of our patients with HD. Therefore the absence of LLR seems to be a hallmark of the disease. Compared with other studies using stretch evoked reflexes'5 the percentage ofabsent LLR is lower with our method. This could be due to the different methods of eliciting the reflexes. However, it has to be taken into account that our patients with HD were investigated at an early stage of their disease. All except three were referred to our clinic for the first diagnosis of their disease and had mostly still had moderate symptoms. Up to now the diagnosis of HD is mainly based on the clinical picture and a postive family history. A number of electrophysiological tests like median nerve-SEP,'7" P 300,28 EOG,' 93 and neuroimaging techniques like CT,434 NMR25 or especially PET5 may confirm the diagnosis. LLR-testing can be regarded as one of them. Our experience seems to indicate that it is valuable as a part of this series of tests and may help to confirm the diagnosis at an early stage. This can be an important help for the future plans of the patients. Our results in clinically healthy subjects at risk for HD are somewhat disappointing since we failed to find subjects with clearcut abnormalities. A parallel study with stretch evoked reflexes' also found abnormal responses in but a small percentage of patients. Therefore, we conclude that the LLR may be an early symptom of the disease but we have no evidence that it is worthwhile for the identification of presymptomatic gene carriers.
The differential diagnosis of choreatic movement disorders is a rare, but difficult problem in everyday-Hand muscle reflexes following electrical stimulation in choreatic movement disorders practice. There are many diseases with choreatic hyperkinesias."' A considerable number of these are accompanied with psychoorganic alterations. Faced with these difficulties it can be useful to have simple electrophysiological tests that help to confirm the diagnosis of HD. Our result of a normal reflex pattern in all the patients with choreatic disorders other than HD may prove helpful in this. Other reports of single cases with benign hereditary chorea49 and patients with systemic lupus erythematodes' are in line with our results as they also failed to detect any abnormalities of the reflex pattern. Compared with other choreatic movement disorders absent LLR seem to be a unique finding in HD. Of course it has to be excluded that the loss of LLR is not due to a stroke,6 multiple sclerosis6 or any other cerebral or spinal lesion that can cause selective abolition of LLR.
Finally, we conclude that the method of eliciting hand-muscle LLR is a valuable auxiliary method for diagnosis and differential diagnosis of HD if critically applied.
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